The patterns of the Gbx2, Pax2, Wnt1, and Fgf8 gene expression were analyzed in the chick with respect to the caudal limit of the Otx2 anterior domain, taken as a landmark of the midbrain/hindbrain (MH) boundary. The Gbx2 anterior boundary is always concomitant with the Otx2 posterior boundary. The ring of Wnt1 expression is included within the Otx2 domain and Fgf8 transcripts included within the Gbx2 neuroepithelium. Pax2 expression is centred on the MH boundary with a double decreasing gradient. We propose a new nomenclature to differentiate the vesicles and constrictions observed in the avian MH domain at stage HH10 and HH20, based on the localization of the Gbx2/Otx2 common boundary.
Introduction
Inactivation of the transcription factors Otx2 (Acampora et al., 1995; Acampora et al., 1997) , Gbx2 (Wassarman et al., 1997) , and Pax2 (Brand et al., 1996; Lun and Brand, 1998) , and of the signalling molecules Wnt1 (McMahon and Bradley, 1990) , and Fgf8 (Lee et al., 1997; Reifers et al., 1998) , have demonstrated their implication in the specification of the midbrain/hindbrain (MH) domain. However, although the expression of all these genes at the level of the MH domain have been described in various species of vertebrates, including the chick, their mutual relationship has not yet been analyzed. This is the aim of the present report, in which the expression Gbx2, Pax2, Wnt1 and Fgf8 in the chick MH domain, at the stages of Hamburger and Hamilton (1951) HH10 and HH20, were compared with the Otx2 caudal arrest, taken as a landmark of the MH boundary (Millet et al., 1996) . At HH10, Gbx2, Fgf8 and Pax2 gene expressions encompass the mes/met constriction, although these expressions reach different levels within the mesencephalic vesicle (mes.v.) and rhombencephalon ( Fig. 1A-C) . The Pax2 expressing domain becomes reduced as development proceeds but at HH20, it always extends at both sides of the mes/met constriction with a characteristic double decreasing gradient (Fig. 1C') . Conversely, the rostral boundaries of the Gbx2 and Fgf8 expressing domains which, at HH10, shortly extend in the mes.v., become closer and closer to the mes/met constriction and are coincident with this landmark at stage HH20 (Fig. 1A'B' ).
Single and double staining with the various probes showed that: (1) Gbx2 rostral boundary and Otx2 caudal boundary are contiguous and evolve in parallel with respect to the mes/met constriction (Figs 2 and 3). At HH10 it was difficult to exclude that some double-labelled cells could be present at the Gbx2/Otx2 interface (Fig. 3A) , whereas at HH20, it was (Fig. 3C ,C'). Moreover, Gbx2 expression forms a ring of cells heavily labelled, except those of the floor plate which are negative. This ring underlies the Otx2 caudal boundary (Fig. 3C,C' ). 2) The Wnt1 positive ring ( Fig.  2D-F ) extends slightly more caudal than the Otx2 positive domain (Fig. 3E ,E') and thus, it overlaps the Gbx2 positive domain (Fig. 3G,G') . (3) The ring of maximal Pax2 expression encompasses the Otx2/Gbx2 common boundary ( Fig (4) At stage HH10, the Fgf8 rostral limit is diffuse and abuts to the Otx2 caudal limit, although some scattered Fgf8 positive cells were found on caudal portions of the Otx2 domain (Fig. 3B) . Between stages HH10 and HH20, the Fgf8 rostral boundary evolves, with respect to the mes/met constriction, similar to that of the Gbx2 rostral boundary. At HH20, it was clear that Fgf8 and Otx2 positive domains are only contiguous at the dorsal midline (Fig. 3D) . This medial region corresponds to the area where Otx2 expression extends more caudal, forming the caudal beak described by Millet et al. (1996) . In alar and basal plates, a thin territory mostly formed by Fgf8 negative cells underlines the Otx2 caudal boundary, although some scattered Fgf8 positive cells were observed (Fig. 3D') . This domain, Fgf8 and Otx2 negative, strongly expresses Gbx2 (compare Fig. 3C',D' ). Again, Fgf8 transcripts are absent from the floor plate (Fig. 2J) . At stage HH20, the Fgf8 positive segment extends more caudal in dorsal than in ventral portions of the first rhombomere (rh1) (Fig. 2K-L and  3D',F,F' ). Fgf8 and Wnt1 domains abut and somewhat overlap at the dorsal midline (Fig. 3F ), but they are separated by a thin line of unlabelled cells in alar and basal plates (Fig. 3F') . The mutual relationship of all these five genes is summarized in the bottom of Fig. 3 . According to previous fate map analysis (see Hallonet and Alvarado-Mallart, 1997) , to the findings of Millet et al. (1996) showing that the arrest of Otx2 positive domain always separates mesencephalic and cerebellar domains, and to the present observations demonstrating that the MH boundary is also labelled by the Gbx2 rostral arrest, we propose a new nomenclature to differentiate the vesicles and constrictions observed within the chick MH domain at stages HH10 and HH20 (Fig. 4) . The HH10 vesicle, containing the Otx2/Gbx2 common boundary, should be denominated 'proneuromere mes/metencephalic' or 'mes/ metencephalic vesicle'. The constriction caudal to this vesicle, separating different cerebellar segments, should be denominated 'intra-metencephalic constriction'. The terms 'mesencephalic vesicle' and 'mes/met constriction' are still adequate for HH20, since the former only contains mesencephalic primordia and the constriction separates mesencephalic and metencephalic domains.
Methods
The chick Pax2 and Gbx2 probes are PCR amplified products from total chick embryo cDNA; the chick Otx2 probe is the same as in Millet et al. (1996) , the chick Wnt1 and Fgf8 probe are kind gifts of Drs. Marion Wassef and Gail Martin. For single ISH, digoxigenine labelled probes were used according to Schaeren-Wiemers and Gerfin-Moser (1993) . For double ISH, fluorescein and digoxigenin labelled probes were hybridised together and revealed one after another, we use respectively the NBT-BCIP reaction and Fast Red as the other chromogene.
